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(54) A system for detecting a position of a movable object without Contact 



(57) A position detecting system for detecting a posi- 
tion of a movable object having a light emitter without 
contact the system includes: a first fight sensor which 
has a first view area and receives fight from the tight emit- 
ter of the movable object in the first view area to produce 
image data, and a second fight sensor which has a sec- 
ond view area and receives light from the fight emitter of 



the movable object in the second view area to produce 
image data, a combination gtf the first and second view 
areas covering a space in which the movable object 
moves, and the fast and second view areas overlapping 
each other; and a processor which calculates a position 
of the movable object based on imag e data produced by 
the first and second light sensors. 
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The designator may be made to designate an address block in the local address system of the first memory when 
a portion of an address block having been designated in the local address system of the second memory is beyond the 
border addresses of the second memory, and to designate an address block in the local address system of the second 
memory when a portion of an address block having been designated in the local address system of tho first memory is 
s beyond the border addresses of the first memory. 

H may be preferable that each of the first and second light sensors includes an area sensor provided with photoe- 
lectric conversion elements arranged in a matrix; and the position calculating device includes: a counting portion which 
counts the number of photoelectric conversion elements which have received fight from the tight emitter of the movable 
object based on the image data read by the reader; a coordinate value accumulating portion which accumulates coor- 

10 dtnate va,ues 01 me Photoelectric conversion elements counted by the counting portion; and a calculating portion which 
caJculates a position of the movable object based on the counted number and the accumulated coordinate values. 

The designator may be constructed by a moved amount calculating portion which caJculates a moved amount of 
the movable object based on the calculated position of the movable object: and a designating portion which designates 
an address block based on a previously calculated position of the movable object and the calculated moved amount 

is Each of the first and second light sensors may be preferably provided with a lens tor focusing a fight imaoe on a 
surface of the Eght sensor. 

It may be preferable that the fight emitter is operable to emit light lying outside a frequency band for viable radiations* 
and each of the first and second Kght sensors ts operabfe to receive only light lying in the same frequency band of faht 
emitted by me light emitter. 

With a position detecting system of the present invention, there is provided at least two light sensors. The view area 
of one Dght sensor overlaps the view area of another light sensor. Accordingly, an object moving in a large space can 
be refiabry detected by two or more light sensors. Also, the detection space can be widened by increasing the number 
of light sensors. 

The position calculator calculates a position of the movable object in the terms of a general address system unifying 
respective local address systems of the first and second memories, Addresses in the respective local address systems 
are converted to those In the general address system based on the border addresses by the address converting device. 
Accordingly, a movement of the object over the first and second view areas can be smoothly traced. 

Also, the position calculator is provided with the designator to designate an address block in the local address system 
of either the first memory or the second memory. A position of the movable object is calculated based on image data 
30 within the designated address block. Accordingly, the position calculation can be performed at a higher speed. 

The designation of an address block is changed from the first memory to the second memory, and vice versa based 
on the border addresses of each memory. An address block can be properly set with respect to a movement of the 
movable object 

The counting portion counts the number of photoelectric conversion elements which have received light from the 
light emitter based on the contents stored in the designated block. On the other hand, the coordinate value accumulating 
portion accumulates coordinate values of the photoelectric conversion elements counted by the counting portion A 
positron of the movable body is calculated based on the obtained count value and the accumulated coordinate value 
which wtfl consequently provide more accurate position at a higher speed. 

An address block is set based on the previously calculated position and moved amount. There is provided the 
corrector which corrects the calculation result which has the influence of a cSstortion of the lens Accordingly more 
accurate position calculation can be attained. 

The Bght emitter is allowed to emit Bght lying outside the band for the visible radiations, and the light sensor receives 
only the ight lying the same frequency band of the Bght emitted by the emitter device. This win increase the preoseness 
in the position calculation. 

These and other objects, features and advantages of the present invention wffl become more apparent ipon a 
reading of the foflowtng detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. t is a perspective view showing an overall construction of a game machine embodying the present invention, 
together with a biock diagram of the game machine; 

Fig. 2 is a perspective view showing a relationship between two areas viewed by two image pick-up devices or TV 
cameras: 

Fig. 3 is a block diagram showing a horizontal arrangement of main parts of a car: 

Fig. 4 is a schematic diagram showing a construction of electric boards provided with an electric circuit for detecting 
the position of the car; 

Fig. 5 is a block cfiagram showing a portion of a processor which detects the position of the car; 

Fig. 6 is a detailed circuit diagram of a binary processing circuit; 

Fig. 7 is a timing chart showing an operation of the circuit shown in Fig. 6; 
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1/60 second (one field) or in a scanning cycle of 1/30 second (one frame). Electrical signals converted to have level 
corresponding to amounts of light received by the respective photoelectric conversion elements are output from the TV 
camera 1 (2). The TV camera 1 (2) used in this embodiment has an infrared transfer fitter disposed on its light receivfno 
surface so that it receives only the infrared radiations in a specified frequency band. This prevents an erroneous operation 
caused by external light In this embodiment, the upper surface of the base P is divided into two areas and the two TV 
cameras 1. 2 pick up images m their corresponding areas. However, the upper surface of the base P may be divided 
jntoa pluraWy of areas more than two and the respective TV cameras may pick up images in their corresponding areas. 

" th,s T^ e „ r f?' Uli0n * me picked up ^O 6 * ie - ** P 05 ^ detection accuracy can be improved, while realizing 
the race track RC m an expanded area. ^ 

^1 b ° ardS 10, 20 8fe connected to the TV cameras 1 and Z respectively: The boards 10, 20 each are internally 
provided with the electrical circuit far detecting the car 3. which wfll be described later with reference to Fras. 4 and S 

The rnonrtorslOO. 200 are not needed during the game, but are adapted to display auxiliary members for position 
adjustment i.e.. LED1. LED2 and LED3 . which are used to adjust the direction of the TV canwas land 2 in the production 
and maintenance, or to display a detecting state of the car 3 for confirmation. 

The transmission LEDs 7 are light emitting devices for emitting, far example, infrared radiations. Similar to the TV 
cameral (2). the LCDs 7 aredeposed at specified height from the base P with the light emitting portions faced downward 
The infrared signals from the LCDs 7 are directed at the car 3 running on the race track RC and propagates while 
spreading at a specified angle. Only one transmission LED 7 may be disposed in the center position. In order to mate 
the signal transmssion reliable, two LEDs may be disposed to cover the respective areas defined by drvkfing the surface 
of the b^ P .rito two rarts. In tjiis enibodimen^ 

by dividing the surface of the base P into four parts. With a plurality of LEDs 7. the transmission unit 6 transmits a 
synchronized optical pulse signal to the respective LEDs 7 connected m serial therewith. Thus, even if the areas covered 
by the respective LEDs 7 partially overlap, ho interference occurs, with the result that the occurrence of the erroneous 
operation can be prevented. In place of the connecting method shown in Rg. 1 . the LEDs 7 maybe connected in parallel 
so as to suppress the influence of impedance more effectively, or may be serially connected via drivers (using shield 
wires) so as to suppress the influence of impedance and to prevent the noise generation. The connecting method shown 
in Fig. 1 is advantageous as compared with the other connecting methods in that the wiring construction is sirnplified 
Fig. 3 is a block diagram showing the construction of the car 3. 
, 3 unatusaatea hod y- wWcn "as a so-called three-point support structure. In other words, wheels 

fJJ' 3 •* "otatably mounted at the opposite lateral skies of the front side of the car body, and an uraUustrated ball 
(ban caster) s disposed in the center of the rear (or front) side of the car body. This tell is fitted in a partially spherical 
hole w^nch is formed on the bottom surface of the car body so as to votumetricatty accommodate at least the half of the 
ban. The ball is reliable by 360 degrees. By adopting the threfl-pomt support structure, the sCp of the car body can be 
effectively simulated. In place of the ball, rotatable wheels may be mounted at the opposite lateral sides 

J 1 ^" 3 5ndUdeS m ° torS 313and314fof - driving the wheels 31 1 and 312 formed of resin or Hke material, respec- 
bvery. DC motors are used as the motors 313 and 314. The speed of the car 3 b duty controlled and. if necessar7the 
car3 is caused to run backward (by inverting the polarity of a supply current). Alternatively, pulse motors capable of 
T!^! ** Spe€dusi ° 9apu,se fr «q"ency may be used. A plurality of reduction gears are mounted between rotatable 
sfwtte of the motors 313 and 314 and those of the wheels 31 land 312 go that a specified speed range is obtained 
Further, rotating speed detectors 315 and 316 <cc detecting me rotating speed of the motors 31 3 and respectively 
a^providedsoastoleedb^ The detected 315. 316 irxdijrJerctatirnjr^es 315a. 316a 

formed with perforations at specified intervals tn their circumferential direction and which are rotatabry mounted on the 
rotataHesrwftsofthem^ 

316a therebetween to detect the perforations formed in the plates 315a. 316a. respectively. 
45 . ""Seated at 317 is a one-chip microcornputer as a controller for the car 3. The rrwerocornputer 317 analyzes the 
signals transmitted from the LEDs 7 of the machine main body to generate a running control signal for the car 3 and 
causes front and rear LEDs 318 and 319 to emit infrared radiations. Its operation program is stored in a ROM 320 
Indicated at 313a and 314a are amplifiers for amplifying the speed control signals output from the rricrccornputer 317 
and sending the ampfified signals to the motors 313 and 314, respectively 
so As shown in Figs. 1 and 3, the front LED 318 is disposed in the center ofthefrorrtpartofthecar3 whereas the 
rear LED 319 is disposed in the center of the rear pan of the car 3. These LEDs 318 and 319 face straight above The 
frequency band of the infrared radiations emitted from the LEDs3i8 and 319 coincides with the transmission frequency 
band of the infrared transmrtter ffter disposed on the front surface of the TV cameras 1 and 2. The LEDs 318 and 319 
are constructed such that the light emitted therefrom propagate whfle spreading at a wide angle. Thus, the image of the 
ss car 3 rn any arbitrary position on the base P can be picked up by the TV cameras 1 and 2. 

Referring back to Fig. 3. indicated at 321 is an infrared receiving unit which includes a photodiode or [ike device for 
receiving the optical pulse signals transmitted from the LEDs 7. The unit 321 is disposed, for example, in the middle of 
the top of the car 3 with faced upward. This prmtodicde is, for exairple, exposed so f^ 

wide range of directions. Indicated at 322 is a storage battery including a NJ-Cd battery capable of storing and releasing 
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Fig. 6 rs a detailed Circuit diagram of the binary processing circuit 1 9. and Rg. 7 is a timing chart showing its operation, 
fn Rg. 6. indicated at 191 is an amplifier for amplifying an NTSQ signal including image data from the TV camera 1 (2). 
and the thus amplified signal is converted into a signal having a specified voltage level by a circuit 192 including an AC 
coupling circuit The thus converted signal is output to a noninverting input terminal of a comparator 193 including an 

5 operational amplifier. A D/A converter 194 is a cfigital-to- analog converting circuit and is adapted to convert a threshold 
data of. e.g.. 8 bits input from the microcomputer 40 into an analog signal and to output the resultant signal to the inverting 
input terminal of the comparator 193. The comparator 1 93 outputs a signal of high level if the level of the MTSC signal 
is a threshold level or higher, and the output data thereof is sent to a serial parallel converter 195. The serial parallel 
converter 195 converts the received binary data into a data consisting of 8 bits in synchronization with a sampling dock 

w and outputs the converted data to a latch circuit 196. The latch circuit 196 latches and outputs this signal to the frame 
memory unit 1 1 . The binary parallel data is written in the frame memory unit 1 1 at a timing when a write pulse (bar WR) 
output during the reading of the data for 8 pixels is sent 

Accordingly, as shown in Rg. 7. the data is written such that the pixels of the TV camera 1 correspond to the 
addresses of the frame memory unit 11 : the data from the first pixel (data of AD DO) is written in an address ADDO. a 
15 of AD0 1 in an address AD01 , a data of ADD2 in an address ADD2. and so on. The employment of the D/A converter 

194 in the binary processing circuit 19 to compare the levels in an analog manner enables the use of a threshold data 
consisting of a larger number of bits as compared with a conventional case where the digital data are compared for the 
NTSC signal in the high frequency band. Thus, the resolution of the level comparison can be advantageously enhanced. 
It w^ be appreciated that the invention does not deny the employment of the cwiventional circuit construction for com- 
20 paring the digital data, and that either one of the constructions is employed in view of a required resolution accuracy. 

Figs. BA to 8C are diagrams showing the operation of the data reading circuit 18, Fig. 8A showing a base located 
wfthin a view of a TV camera, Rg. 88 showing storage contents of a frame memory in the state shown in Rg. 8A, and 
Ro. 8C enlargeoly showing a trace block BL1. 

In Rg. 8A, one car 3 is located on the base P f and the front and rear UEDs 318 and 319 are on. In Fig. 8B, LED 
25 pixel data D1 and 02 corresponrJng to the front and rear LEDs 318 and 319 are stored at high level. BL1 and BL2 denote 
trace blocks. 

In Rg. 8C, checkers within the trace block BLi represent the pixels of the TV camera 1 , i.e.. the respective addresses 
of the frame memory unit 1 1 . In this ernbodiment there is adapted a square trace block having a side which is at least 
twice as long as a distance the car 3 moves in one field cycle (half the frame cycle). In this way the movement of the 
30 car in 360° ejections can be more securely traced. The upper left end (Hs. Vs) of the trace block BL1 is a starting 
address of the trace block BLI, which is set by the start setting circuit ^d^ . The H-. V-counter 142 designates the 
addresses in a row direction (a direction indicated by an anew in Rg. 8C) from the starting address (Hs. Vs). i.e.. (Hs+1 . 

Vs ) (Hs+d. Vs). Upon the completion of one row. the address proceeds to the next row. The address designation 

ends at an end address (Hs+d, Vs+d). In this way. the trace block BLI of d*d (referred to as a trace block size BS 
35 hereinafter) is designated. 

By selecting the shape of the focus lens disposed on the sensing surface of the TV camera 1 and the shape and 
luminance of the front and rear LEDs 318 and 319, the LED data D1 maybe stored over a plurality of addresses (as in 
ari^tcr^rxxtioninRg. 8C).Byci>tainingapluraiity cf obts.the LED data can be made cfistinguishable from other noises. 
The integration is descnoed with reference to Figs. S and SC. Upon the address designation of the trace block BLi 
40 fro™ to* read address generator 14. stored contents of the addresses are successively read from the frame memory 
111 (or 112). Simultaneously, the read addresses are sent to the adefing circuit 181 _ 

Each time one dot (high level data) as the LED data D1 is read from the frame memory 111. the count value of the 
dot counter 183 is incremented and the read dot is sent to the latch circuit 182. Only when receiving the dot data, the 
latch circuit 182 latches the address value output from the adding circuit 181 and sends the address value back to the 
45 adding circuit 181. In this way. each time the dot data is output from the frame memory 1 1 1. the address value for storing 
this dot data is output to the adding circuit 181 and integrated therein. 

As a result the number of dots existing in the trace block BL1 and the integration value of the addresses for these 
dots are obtained rn the dot counter 183 and the latch circuit 182. respectively Upon the completion of the address 
designation of the trace block BL1, the microcomputer 40 reads the data obtained in the latch circuit 182 and the dot 
so counter 1 83. and judges based on the dot number whether the data is a LED data or a noise. A center address (He, Vc) 
of the dots is calculated by dividing the integration value by the dot number. The center address is assumed to be the 
position of the front LED 318. In accordance with this position data, the trace block is set and the running control signal 
for the car hs generated. 

The judgment as to whether the data is a LED data or a noise may be made as fellows. A threshold dot number is 
ss set and the data having the dot number which is not smaller than the threshold value is judged to be the LED data. 

Further, the center address may be calculated by the hardware, and the H-, VKxrcrtfnates calculation results may 
be sent to the mkrocornputer 40. Instead of the use of absolute coordinates in caJcuJatong the integration value of the 
coordinates, relative coordnates from reference coordinates may be used. In this case, target coordinates are obtained 
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results obtained by Equations i and 2. 
EQUATION 1 : 

hl0 _ a>U'+yll a )frl2-vl3) + (hl2'+vl2»)(vl3- V H) + (M3» +v!3') (vl l-v!2) 
2-hll(vl2-vI3)+ 2 -h!2(vl3-vll)+ 2-hl3(vll- V L2) 



w 
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(hll'-Hrn'jftM-hM) t (h^'+viPHhll-hlS) + (h!3» +vl3 , )(lil2-hii) 



»s 2-Ul(vl2-vl3)+ 2-hl2(vl3-vll)+ 2 hl3(vll- v i2) 



rl0=/ (iiilO-hlD' + Mo-vll) 1 ) 



30 

EQUATION 2: 

^ (h21'+v21')(v22-v23) + (h22* -hv22') (v23-v21) + (h23'-t-v23») (v21-v22) 
M 2 -h21 (v22— v23) + 2 -h22(v23-v2l) -f- 2 -h23 (v21-v22) 



49 

(h21'+v2l»)(h23-h22) + (h22»+v22»)(h21-h23) + (h23*+v23 a ) (h22-h21 ) 
2 -Ij21 (v22— v23)-h 2 -1i22(v23-w2I) + 2 -h23(v21-v22) 

.45 



r20=> {(h20-h21) a + (v20~»21)»} 
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In this way. the trace block 8L can be property set irrespective of the detected position of the car 3. thereby enablina 
secure trace of the car 3. y 

Rg. 14 is a flowchart showing a measurement of the position of the TV cameras 1 and 2. 

The TV cameras 1 and 2 are positioned to pick up images of the LEDl. LED2, and LED3 which are disposed at the 
TXT^tZ*^ ^ 6356 R microco *° ^ers the TV camera 1 pick up imagjo^e LEDl, 
^ DZ ^° LED l and then wrrte tn6,r "-espective image data in the frame memory unit 1 1 (Step S2). The microcomputer 

n ^n^ZH 1 <^utetion is executed as follows: the frame memory Ji 

1 16 scanned, the corrtmurty of dots (high level data) is detected using a known method: the number of dots in a detected 
° conbnu «y rfi 9'on « counted: and a center position of the region is calculated. This calculation is similar to an initial 
posmon recognition which will be described later. . 

Similariy. the microcomputer 40 renders trie TV camera 2 pick up images of the LEDl. LE02 and LED3 and then 
wnte their respective image data in the frame memory unit 21 (Step S6). The microcomputer 40 calculates addresses 
;5 gjgj- *** and * ""ages of the LEDl. LED2, a* LED3 by scanTg i^^^S^S 

/Ki, SU ^x eq ^ y ' 3 ^T 6 " 1 C ° nnBCt4ng me P«** <"«• vl 1) and the pent (n21. v21). a segment connecting the point 
(h12. vi2) and the part (h22. v22). and a segment connecting the point (13. v 13) and the point (h23. v23) are displayed 
on the game morntor 5 (Step S10). ft is judged whether vl 1 = V21. vi2 = v22, v13 - v23 (Step S12). If H is judged mat 
vl 1 « V21. V12 = V22. and v13 - v23 (YES in Step S12). a distance d between the addresses (H12. Vl2)and (H22 
« V22) of the images of the LED2 is calculated as: d = 512 - v12 - v22 . and the calculated distance d is displayed (Step' 

In Step S16. it is judged whether a break-off key is turned on (Step S16). The breakoff key is provided in the 
operaoonpanel. This judgment is performed because (here is the possibility that an operator requests break-off of this 
flow to adjust the position of tMe TV cameras 1 and 2 after obtaining the results of Steps Sl2 and Sl4 i* when it is 
a judged that the condition of v1 1 - v2i. v12 « v22. v13 « v23 cannot be attained, or when it is (bund that ths'caleutated 
distance d e not within the predetermined value. As mentioned above, the conditions of vl 1 . v2l v12 - v22, V 13 « 
v23 and BS s min(D(v)) are necessary for the address unification. If it is judged mat the break-off is requested (YES in 
Step Si 6), this routine ends. v 

It may be appreciated that the operations of Steps S2toS14is repeated after the adjustment of the TV cameras 1 
30 and 2 is completed and the hreak^ff key is turned on again. ^ or tne i v cameras 

If iti is judged Ithat vl 1 = v2l. v12 = v22. and v13 = v23 (YES in Step S12). and it is found that the distance d is within 
the predetermined value, and the break-off key is not turned on {NO in Step Si 6). the value MO. h20 vlO vSO rIO 
and r20 are calculated based on Equations 1 and 2 (Step S18). Thus calculated rl 0. rzo. vio. and (hi 0 - h20) are stored 
in the system parameter fHe (Step S20). and this routine ends. 

Figs. 15 and 16 are a main flowchart showirig operations of me game macttne provided wim the system for detectng 
meposition of the movable object in a non-contact state, m this game machine, e.g.. 8 cars are used and identification 
numbers ID IM0.1 (i=0 to 7) are given in advance to the respective cars 3 by setting dip switches provided therein 

This flowchart starts afterihe specified operation, e.g.. insertion of a medal, or input of a predicted ranking is detected 
and the race development is set First the entire system is initialed, and the «>mrr*tf*catwn pons of the mkracrnputer 
40 and the mam controller 4 are initialized (Steps S30 and S32). The trace block size BS is set (Step S34) and the 
distance D(v) is calculated (Step S36). The calculation of the distance D(v) wiX be described later. 

^Command signals are generated to turn off the front and rear LEDs 318 and 319 of all the cans 3 and are sent to 
afl the cars 3 via the transmission LEDs 7 (Step S38). 

A count value i of the counter is set to 0 (Step S40). and a command signal is generated to turn on the front LED 
318 of the car of ID MaO. and is transmitted to this car via the transmission LEDs 7 (Step S42). The microcomputer 31 7 
of the car of ID No.0 recognizes that the transmission command is directed to it. and turns only the front LED 318 on 
On the other hand, after waiting for a time which is required far the luminance of front LED 31 8 to reach a specified level 
eg., for a time corresponding to 2 frame cycles following the transmission of the command signal (Step S44). the micro- 
computer 40 calculates the center of gravity position to recognize an initial position of the front LED 31 8 of the car of ID 
No.0 (Step S46). This center of gravity position calculation is described in detail later. The obtained center of gravity 
data (He, Vc) is stored in the form of FH[i], FVfl] (F denotes forward) in a RAM or the like as a buffer (Step S48). 

Upon the completion of the storage of the center of gravity data a command signal is generated to turn on the rear 
LED 3 19 of the car of ID No.0, and is transmitted to this car via the transmission LEDs 7 (Step S50) . The microcomputer 
317 of the car of ID No.0 recognizes that the transmission command is directed to it and turns onry me rear LED 319 
on (in other words, the microcomputer 31 7 of the car of 10 No.0 turns the front LED 318 off). On the other hand, after 
waftmg for 2 frame cycles following the transmission of the ewnmand signal (Step S52). the rnicrocornputer 40 calculates 
the center of gravity to recognize an initial position of the rear LED 319 of the car of ID No.0 (Step S54) The obtained 
cerrterrt gravity data (He. Vc) is stored in the form of BH[i], BVp] (B denotes back) in a RAM or the Tike (StepS56) Upon 
ihe completion of the storage of the center of gravity data of the front and rear LEDs 318 and 319. command signals 



3S 



CO 



SO 



11 

l\ i %\Lmmbm/o\ : (>\w/i\ : (>\Wti\ uz torn 



EP 0 695 569 A1 



The above calculation result and the contents of the board identification flag BDF are stored in the buffer (Step 
S162). The noise level at this stage is stored as a system parameter (Step S164). and this subroutine returns. 

In Step S130. on the other hand, if the label number is 1 (YES in Step S130), the Center of gravity coordinates He 
Vc are calculated assuming that one effective label is the front LED 318 (or the rear LEO 319) (Step S152) and the 
feSUft ** of me "entification flag BOF are stored in the buffer (Step S162) The nofee 

level at this stage is stored as a system parameter (Step Si 64). arid this subroutine returns. 

interSt ^^X^" 9 *" * reSPOnSe * Mem *> ' ^ »• after the 

The Interrupt I is described with reference to Rg. 20. The Interrupt I is started in response to an interrupt signal 
w generated each fame the reading of the image data in the frame memory units 1 1 and 21 in the boards 10 and 20 is 
completed. First the frame memory unit 1 1 in the board 10 is switched to ihe frame memory 111 (or 1 12) in which the 
image data writing is completed (Step Si 80). and the frame memory unit 21 in the board 20 is switched to the frame 
memory 21 1 (or 212) in which the image data writing is completed (S182). Subsequently, the identification number 10 
Nai « set to 0 (Step S184). and the front and rear flag FBFLG is set to 0. i.e.. the flag is set to the front LED 318 (Step 
SI Go)* 

Subsequently, the start address (Hs. Vs) of the trace Wot* labeled in correspondence with the front LED 3i8 of the 
car of !D No. 0 is set (Step S188). In other words, . - J yoTme 



20 



Hs = FHiJ - (BS/2) + AFHfl 
Vs = FVp] - (BS/4) + APVp] 
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The correction amounts AFHp] and AR/pj are given by implementing the flowchart of Interrupt II. 
As shrown in Rg. 24, a quot^ 

the image stored in the frame memory is read as a binary data by the frame. In this way. a square trace block canbe 
obtained. 

Subsequently, it is judged based on the board identification flag BDF whether the front LEO 31 8 of the car of the ID 
No.0 is detected by Ihe boards 1 0 or by the board 20 (Step S1 90). If the board identification flag BOF is "0" (YES in Steo 
S190) it is judged that the front LED 31 8 of the car of the ID MO.O is detected by the board 10. and the start address 
(Hs, Vs) set at Step SI 88 is output to the start setting circuit 141 of the board 10 (Step S192) 

On the other hand, if the board Verification flag BDF is "1" (MO in Step S1 90). it is judged that the front LED 318 
Zi ^?27i* ^o^J 0 - and,hesJart address < Hs - Vs) set at Step S188 is output to a start setting circuit 241 in ihe 
board 20 (Step SI 94). This subroutine returns after the reading of the data in the trace block is started (Step S196) 
The reading of the data far the front LED 318 of the car 3 of ID Mo.0 is carried out in the data accumulating circuit 18 in 
tha board I0orinihedataacctmiatrigoircujt28fritiieboard20. 

By setting ihe start address (Hs. Vs) such that the position of the LED 3 1 8 (or 31 9) is located in the center of the 
trace block, the movement of the car 3 can securely be traced after one frame cycle independently of Me running direction 
of the car 3. m other words, independently of the car 3 running in any angle in 360 degrees over the plane. 

Particularly, since the correction amount set based on the running speed and the cSrecfion factor is considered as 
*° d8Scrtoed ,ater ' the ***ng can be made more secure. Instead of setting a specified traceable correction amount based 
on the preset highest speed of the car 3, the conection amount may be changed real-time depending upon the present 
running speed of the car 3 (obtained by dividing a difference between the delected positions in the last 2 frames by the 
frame cycle). TWs enables the front and rear LEDs 318 and 319 to be located as dose to the center of the trace block 
as posside. thereby preventing the tracing error. 
<s Figs. 21 to 23 are flowcharts showing the Interrupt II. 

The Interrupt II is started m response to an intern^ signal generated each time the address designation of the trace 
block by the H-. V-counter 142 (242) is completed. First it is judged whether the count value of the counter i is smaller 
than 7 (Step S210). If this count value is not smaller than 7 (YES in Step S210). this routine returns upon the judgment 
that the tracing has been completed within one frame. 
so Rrst the position of the front LED318of thecar3of ID NaO is detected. If the cc^ value ctfU>e counter i is smaller 
than 7 (NO in Step S210). the dot number is read from the dot counter 183 (Step S212). ft is then judged whether the 
dot number is 0 (Step S214). If the dot number is 0. a position tracing error flag PEF is set (Step S216) and (He. Vc) = 
M, -1) are set as a specific position data (Step S218). A position tracing error can be confirmed by this data or by 
monitoring the error flag PEF. and an alarm is given upon detecting the tracing error. Alternately, the trace block may be 
w made larger than a predetermined size in case of such errors, so that the tracing can be further continued 

On the other hand, if the dot number is not 0. Ihe coordinates accumulation data in the H- and V-direcfons are read 
from the latch circuit 182 upon the assumption that the tracing was completely made (Step S22D). At th* time if the 
latch circuit 1 82 undergoes an overflow (NO in Step S220) s the coordinates accumulation data are corrected (Step S224) 
This correction is made, for example, based on the previous center of gravity position of the LED 318 (or 319) and the 
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Ms = FH[i] - (BS/2) + AFHp] 
Vs = FVP] - (BS/4) + AFVp] 

5 the count value i is incremented by 1 (Step S278), and the counting is started (Step S252J, thereby repeating the afore- 
mentioned operations for the trace block of the next car 3. 

Referring back to Rg. 16, after transferring the calculated values upon the completion of the Interrupt II, the identi- 
fication number ID Nai is set to 0 (Step S70), and any more interrupt is prohibited (Step S72). The position data of the 
front and rear LEDs 318and 319. i.e., RFHffl. RFVp] and RBH[T|» RBVp] are read from the buff a- (Step S74). The interrupts 
jo are allowed again upon the completion of this reading (Step S76). Since the data transfer by the Interrupt fl is Treated 
between Steps S68 and S90. Steps S72 and S76 are provided to prevent the reading of the erroneous data even if the 
reading of the data from the buffer and the data transfer by the Interrupt II are carried out at the same timing. 

The relationship between the position of the car 3 and the front and rear LEDs 318. 319 is predetermined. For 
example, the positron of the car 3 may be an intermediate position of the front and rear LEDs 318 and 319. upon 
is determining the position of the car 3. the race development data. i.e.. a goal position data and the speed data are set 
(Step S78), The goal position data is given to each car. and is a position data for designating passing points on the race 
track RC at specified intervals. 

The nmring direction of the car 3 is calculated based on the present goal position and the detected position of the 
Car 3 (Step S80). Further, a direction correction amount of thk car 3 is calculated based on a target direction (direction 
... 20 toward the goal position) and the facing direction of the car 3 (which is calculated based on the positions of the front 
and rear LEDs 31 8 and 31 9 of the car 3). H the goal direction is calculated based on the data in three points: the present 
position, the next position and the further next position, the car 3 is capable of running more smoothly along the prede- 
termined course. The speed and the direction are instructed to the car 3 based only on a goal speed data. More spe- 
cifically, the speed instruction is given to one of the specific wheete. e.g., the motor 313 for driving the wheel 311. and 
25 the direction instruction is given in the form of a speed difference from the rotating speed erf the motor 313. The direction 
can also be controlled by individually instructing the rotating speeds to the respective motors 313 and 314. 

The obtained goal speed data is transmitted to the car 3 of the corresponding ID number via the transmission LEDs 
7 (Step S82). and the count value of the counter i is incremented by 1 (Step S84). It is then judged whether the count 
value of the counter i is larger than 7 (Step S36). This routine returns to Step S72 if this count value is not larger than 
so 7. If this count value is larger than 7, a system reset signal is checked (Step S88). The system reset signal is output in 
the case where an abnormality occurs in the system or when the race finishes. 

If the system reset signal is not reset (NO in Step S90), this routine returns to Step S70 in which the count value of 
the counter i is set to "0' In this way, the running control for the cars 3 is'continued until the race finishes. On the other 
hand, if the system reset signal is reset this routine ends upon the judgment that the race has finished. 

Although the initial position recognition (Steps S46 and S54) and the position detection during the tracing are per- 
formed by the Afferent circuits in this embocfirnent they may be performed by the single circuit Further, although the 
position recognition is performed by intfvtdualry turning on the front and rear LEDs 318 and 319 in the initial position 
recognition, it may be performed as foflows. Ftrst only the front LED 318 is turned on. and the front and rear LEDs 318 
and 3 1 9 are turned on at a next timing . The position of the rear LED 3 1 9 is recognized by omrtling the already recognized 
position of the front LED 318. This method requires only three kinds of control signals for the front and rear LEDs 318 
and 319: one for turning the both LEDs 318 and 319 off. one for turning only the front LED 318 on, and one for turning 
the both LEDs 318 and 319 on. Further, awaiting period may be set based on the factor other than the frame in order 
to prevent a delay between the timing at which the front and rear LEDs 318 and 3 1 9 are turned on and the image pick- 
up timing so that the image can be securely picked up while the LEDs 318 and 319 are on. 

Although members for emitting and receiving infrared rat£atfons are used as communication means between the 
car 3 and the machine main body in the foregoing embodiment, members for transmitting and receiving radio waves or 
ultrasonic waves may also be used. 

Although the cars performing a car race are controlled in the foregoing embodiment, the invention is not limited to 
this. The invention may be applied to another race game such as a horse race or a boat race, or may be applied to 
control a specie movement of one movable object 

Further, the invention is not limited to the control tor the movable object on the surface (including a curved surface), 
but may be applied to a control for a movable object which moves linearly along a line, fry or floats in the air or in the Hquk± 
Further, in the foregoing embocBments. when a portion of the trace block comes outside the frame memory, a new 
trace block is set in the opposite frame memory to enable tracing. However, a new trace block may be set when the trace 
block goes beyond the border line. Alternatively, a new trace block may be set when the running car 3 comes across the 
border line 

Although the trace block is used to detect the position of the running car 3 in the foregoing enrtxxfiment the invention 
is not limited to this. The frame memory may be integrally scanned to detect the position, instead of the use of trace 
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a calculating portion which calculates a position of the movable object based on the counted number and 
the accumulated coordinate values. 

6. A position detecting system as defined in claim 3, wherein the designator includes: 
5 a moved amount calculating portion which calculates a moved amount of the movable object based on the 

calculated position of the movable object, and 

a designating portion which designates an address block based on a previously calculated position of the 
movable object and the calculated moved amount. 

10 7. A position detecting system as defkied in claim 1 . wherein each of the first and second Bght sensors is provided 
with a lens for focusing a light image on a surface of the light sensor. 

B. A position detecting system as defined in daim 1 . wherein the light emitter is operable to emit light lying outside a 
frequency band for vtsfcfe radiations; and each of the first and second light sensors is operable to receive only light 
J5 lying in the same frequency band of fight emitted by the light emitter. 
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